Objective: Thyroid cancer has the highest prevalence among the cancer types that affect the endocrine system; however, its molecular mechanisms are not yet determined. Cadherin-16 (CDH16) plays an important role in the tumorigenesis of human cancers, but its influence on papillary thyroid cancer (PTC) is poorly investigated. This study aimed to explore the role of CDH16 in PTC. Methods: We performed quantitative real-time polymerase chain reaction to investigate CDH16 expression in PTC. The clinical significance of CDH16 expression in PTC was then evaluated using The Cancer Genome Atlas (TCGA) database. Bioinformatics analysis was also conducted to determine the potential molecular mechanisms of CDH16. Results: CDH16 was remarkably downregulated in PTC tumors compared with that in corresponding normal thyroid tissues in the local and TCGA cohorts. This downregulation was associated with unfavorable clinicopathological features, including histological type, high tumor stage, aggressive lymph node metastasis (LNM), and advanced clinical stage. In addition, logistic analyses revealed that the reduced expression of CDH16 can aggravate the risk of LNM in PTC. Bioinformatics analysis indicated that the co-expressed CDH16 genes mainly participated in signaling the cancer-related pathways. Conclusion: CDH16 is involved in PTC progression and acts as an LNM-related gene in PTC.
Introduction
Thyroid cancer has the highest prevalence among the cancers that affect the endocrine system worldwide. In 2017, approximately 56,870 cases of thyroid cancer were diagnosed in America, and approximately 2010 patients succumbed to the disease. 1 In China, approximately 90,000 diagnosis with thyroid cancer and 6800 deaths were recorded in 2015. 2 Papillary thyroid cancer (PTC) is the most common subtype of thyroid cancer and accounts for more than 80% of all the thyroid cancer cases. 3, 4 PTC patients have relatively better prognosis compared with other cancer patients. After proper surgical treatments and radiotherapy, more than 90% of the patients with PTC can have a 10-year survival. 5 However, some patients might suffer from disease recurrence and death even after timely treatments. 6 Lymph node metastasis (LNM) is a potential factor that can aggravate the risk of locoregional recurrence and mortality in patients with PTC. [7] [8] [9] [10] Recent studies revealed that several molecular biomarkers, such as BRAF 11, 12 TERT, [13] [14] [15] PIK3CA 16, 17 can facilitate LNM to some extent. Despite the in-depth research and progress on PTC studies, comprehensive clinical evaluation and molecular mechanistic exploration remain lacking. Therefore, searching for novel functional biomarkers in PTC might provide preliminary data and a fundamental theoretical basis for the elucidation of PTC tumorigenesis.
Cadherins (CDHs) belong to a superfamily of glycoproteins that plays critical roles in calcium-dependent cellto-cell adhesion. 18, 19 CDHs also participate in embryonic development, normal cell function, and tissue integrity preservation via homotypic and homophilic interactions between extracellular regions. 20 Cadherin-16 (CDH16), a member of the CDH gene family and is localized to chromosome 16, might be involved in some certain diseases. [21] [22] [23] [24] [25] However, studies on the clinical significance and regulatory mechanisms of CDH16 expression in PTC are required to verify this assumption. Further studies are necessary to identify the CDH16 expression in PTC, determine the regulatory mechanisms, and provide novel insights into PTC tumorigenesis.
In this study, we performed quantitative real-time polymerase chain reaction (qRT-PCR) to detect CDH16 expression in PTC tumors and corresponding normal thyroid tissues. The results were further validated using The Cancer Genome Atlas (TCGA) database. The relationship of CDH16 expression with clinicopathological features and LNM in PTC was also analyzed. Several bioinformatics analysis methods, including Gene Ontology (GO), Kyoto Encyclopedia of Gene and Genomes (KEGG) and protein-protein interaction (PPI), were performed to determine the potential molecular mechanisms of CDH16.
Materials and Methods

Clinical Samples
We collected 16 tissues of cases of clinical PTC tumors and corresponding noncancerous thyroid tissues during surgeries from February 2011 to June 2013 at the Department of Neck surgery of the Second Affiliated Hospital of Wenzhou Medical University. We used liquid nitrogen to snap-freeze these samples immediately after resection and then stored at −80°C for followed RNA isolation. Two senior pathologists were invited to review all the samples retrospectively and to confirm the histological diagnosis and to ensure abundant cancer content of the tumor using the double-blind method. All participants signed informed consent for the scientific use of biological material. This research protocol was approved by the Ethics Committee of the Second Affiliated Hospital of Wenzhou Medical University.
Clinicopathological Feature of Local Patients with PTC
This study involved 16 patients, including three men (18.8%) and 13 women (81.2%) (male-to-female ratio = 0.231). The patients were 27-75 years of age at diagnose with a mean age of 54.1 years. Among them, eight patients suffered from LNM. No significant difference was observed between the local and TCGA cohorts due to the small case series of the former. Detailed clinicopathological data are shown in Table 1 .
Detection of CDH16 Expression by Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)
We used TRIzol reagent (Life Technologies, Carlsbad, CA) to extract total RNA from the paired PTC tumors and noncancerous thyroid tissues according to the manufacturer's indication, and then the RNA purity and concentration were We used ReverTra Ace qPCR RT Kit (Toyobo, Osaka, Japan) for cDNA preparation. qRT-PCR analysis of CDH16 expression was performed in triplicate using the Thunderbird SYBR qPCR Mix (Toyobo, Osaka, Japan) in the Applied Biosystems 7500 Real-time PCR system (Applied biosystems, Foster City, CA). We set the expression of GAPDH as an internal control. The primer sequences of CDH16 were as follows: forward 5ʹ-CCTCATCCTCATTTTCACC -3ʹ and reverse 5ʹ-GGGCTTCTACTCTGTCCTG -3ʹ.
Retrieval of the Cancer Genome Atlas (TCGA) Data
We downloaded the clinical information and corresponding RNA-seq data of CDH16, including 505 PTC tumors and 59 normal thyroid tissues, from TCGA database.
Retrieval of CDH16 Co-Expression Genes' Data
To investigate the potential mechanisms of CDH16 expression in PTC tumors, we acquired CDH16-related co-expressed genes from the MEM and cBioPortal database. In MEM, the results of gene probe were extracted from MEM based on a P-value <0.0001. Pearson's correlation analysis was used in cBioPortal data to evaluate the correlation between CDH16 and co-expressed genes. The present research included the genes with an absolute value of the Pearson's correlation coefficient >0.4 in PTC. Then, the intersection results between MEM and cBioPortal were used for further study.
Bioinformatics Analyses
In this study, we used bioinformatics analyses to preliminarily discuss the intrinsic molecular mechanisms of CDH16 in PTC. The selected overlapping co-expressed genes in MEM and cBioPortal were used for GO and KEGG analyses in David v6.7 to elucidate the enrichment of genes in biological processes and signaling pathways. We also performed PPI analyses in STRING to explore proteins interaction association to hypothesize the potential pathways through which CDH16 participates in PTC tumorigenesis. Cytoscape 3.6.1 software was used to draw the functional networks.
Statistical Analyses
We used SPSS version 22.0 (IBM, New York, USA) to perform statistical analyses in the present study. The expression of CDH16 in PTC tumors and normal thyroid tissues detected by qRT-PCR were expressed as the means ± SD, and the Mann-Whitney U-test was used to determine significance. We used Student's t-test to test the data on normal distribution. And chisquare test or Fisher's exact test was used to elucidate the relationship between clinicopathological factors and CDH16 expression. We performed logistic regression analyses to evaluate the lymph node metastatic risk of CDH16. All P-values were two-sided, and a P-value of <0.05 was considered statistically significant. GraphPad Prism 5 (GraphPad Software, La Jolla, CA, USA) was used for graphs.
Results
CDH16 Expression in Patients with PTC
We detected the mRNA expression of CDH16 in 16 pairs of PTC tumors and corresponding noncancerous thyroid tissues by qRT-PCR to confirm the role of CDH16 in PTC. As shown in Figure 1A , CDH16 expression was significantly downregulated in the tumor samples compared with that in the corresponding noncancerous thyroid tissues (P < 0.05). This result was also validated by the TCGA database, which revealed that the CDH16 expression was lower in PTC samples than in normal thyroid tissues ( Figure 1B) . A receiver operator characteristic (ROC) curve was plotted to investigate the diagnostic value of CDH16. According to the TCGA database, 78.0% and 71.2% were the sensitivity and specificity rates, respectively, which can be used to distinguish the normal tissues from PTC tumors ( Figure 1C ).
Relationship Between CDH16 Expression and Clinicopathological Factors in PTC
We investigated the relationship between CDH16 expression and clinicopathological factors. The 505 patients with PTC from the TCGA database were divided into low (n=252) and high CDH16 expression (n=253) groups on the basis of the median value. As shown in Table 2 , low CDH16 expression was significantly related to histological type (P < 0.001), signified large tumor size (P = 0.036), high tumor stage (P = 0.001), aggressive LNM (P = 0.001), and advanced clinical stage (P = 0.029) ( Table 2) . Compared with the high expression group, the low CDH16 expression group was inclined to the classical subtype (P < 0.001, Table 2 ). However, no significant difference was found among CDH16 expression and age, gender, and multifocality (P > 0.05).
Low CDH16 Expression Could Enhance the Risk of LNM in PTC
The association between CDH16 expression and LNM in PTC was further investigated through logistic regression analyses. Univariate logistic regression analysis revealed that age (OR = 0.614, 95% CI = 0.424-0.891, P = 0.01), gender (OR = 1.541, 95% CI = 1.016-2.337, P = 0.042), histological type (OR = 0.377, 95% CI =0.239-0.549, P < 0.001), clinical stage (OR = 3.429, 95% CI = 2.270-5.180, P < 0.001) and CDH16 expression (OR = 0.521, 95% CI = 0.359-0.757, P = 0.001) were significant variables for LNM in PTC ( Table 3 ). Multivariate logistic analysis using these five parameters also indicated that age (OR = 0.042, 95% CI = 0. 015-0.118, P < 0.001), histological type (OR = 0.331, 95% CI = 0.196-0.558, P < 0.001) and CDH16 
CDH16 Co-Expressed Genes and Bioinformatics Analyses
Based on MEM, 5000 of the most significant CDH16 coexpressed mRNA genes were selected. The data from the cBioPortal for Cancer Genomics showed 20,033 CDH16 coexpressed mRNA genes in the PTC patients. A total of 1495 genes were obtained by excluding the genes with an absolute value of the Pearson's correlation coefficient <0.4. The intersection between the results of the two databases was collected, and 340 reliable co-expressed genes were extracted for further study. GO and KEGG analyses were performed to determine the biological processes involved in PTC tumorigenesis. The results of the GO term analysis (Table 5 ) revealed that the genes are involved in the following: (1) biological processes (Figure 2A) , including the multicellular organismal process, the system development, the anatomical structure development, the developmental process, the organ development, etc.; (2) cellular components ( Figure 2B ), such as plasma membrane part, integral to plasma membrane, cell fraction, and intrinsic to plasma membrane; and (3) molecular functions ( Figure 2C ), such as channel activity, passive transmembrane transporter activity, serine-type endopeptidase activity, and transporter activity . The results of the KEGG pathway analysis showed that CDH16 participated in the functional regulation of six signaling pathways ( Table 6 ). The relatively important pathways include tryptophan metabolism, tyrosine metabolism, and pathways in cancer ( Figure 3 ). PPI analyses were performed and the interaction nodes are shown in Figure 4 . The top 10 nodes with the highest overall scores are listed in Table  7 . We also focused on the genes enriched in "pathways in cancer". Ten interaction nodes were obtained based on the results of PPI analyses ( Figure 5 ). The findings suggested that WNT11, FZD9, FZD8, AXIN1, RXRG, all of which are common genes in cancer-related pathways, might play important connective roles in cancer initialization (Table 8 ) and therefore were further analyzed. According to the TCGA database, the results of Pearson's correlation analyses demonstrated that AXIN1, RXRG exhibited a potential negative correlation with CDH16 expression, whereas WNT11, FZD9, FZD8 exhibited a possible positive correlation with CDH16 ( Figure 6 )
Discussion
Thyroid cancer, which is one of the most common endocrine malignancies, has become the fastest growing type of cancer worldwide. 1 This disease can be classified into several different subtypes according to molecular etiology. 26, 27 Patients with PTC have a statistically better prognosis and longer survival than those with other subtypes. 4 However, the high incidence of LNM in PTC patients can significantly increase the risk of locoregional recurrence and mortality. 7, 8 Searching for potential biomarkers can provide new clinical insights into predicting the metastasis status of patients with PTC. CDH16 plays an indispensable role in human development and growth. 18, 20 Thedieck et al found that CDH16 can facilitate tubulogenesis during human renal development and can be detected in the distal tubules of adults' kidneys. 23 Moreover, Morizane et al further proved that CDH16positive cells derived from embryonic stem cells can reproduce tubular structures and differentiate into renal tubular cells. 28 In addition, the CDH16 expression is associated with the fully differentiated state of the thyroid cells 29 and partially influences the thyroid follicular polarity. 30 However, the abnormal CDH16 expression can lead to tumorigenesis. Thedieck et al reported CDH16 downregulation in renal cell carcinoma and suggested the role of CDH16-related cell adhesion molecule in tumor suppression. 23 As for the thyroid cancer, Cali et al confirmed that the downregulated CDH16 expression can be used as a marker to monitor thyroid cancer. 25 In the present study, CDH16 expression was significantly downregulated in PTC. This finding is consistent with previous studies on human cancers indicating that CDH16 serves as a tumor suppressor in different kinds of human cancer. 23, 25 To the best of our knowledge, our study is the first to report the significant role of CDH16 in PTC.
We first reported that CDH16 plays an important role in LNM in PTC. qRT-PCR detection and TCGA RNA-Seq data were used to confirm that the CDH16 expression was significantly downregulated in PTC tumor tissues compared with that in noncancerous thyroid tissues. In addition, this downregulation of CDH16 was associated with unfavorable clinicopathological factors, such as aggressive LNM and high clinical stage. Subsequent logistic regression analyses showed that the downregulated expression of CDH16 can be an independent high-risk factor for LNM in PTC patients. The results confirmed that CDH16 acted as a tumor suppressor gene in PTC and was involved in the progression of LNM. The molecular mechanisms of CDH16 in PTC were also explored in this study. We used GO and KEGG analyses to compare the enrichment of CDH16 co-expressed genes in PTC patients. The results suggested that the co-expressed genes play important roles in biological processes, cellular components, and molecular functions. According to the result of the KEGG pathways analysis, the genes were more concentrated on the pathways in cancer. The expression of CDH16 was positively related to WNT11, FZD9, FZD8 and negatively related to AXIN1 and RXRG. In conclusion, CDH16 performs regulatory functions in PTC through complex protein-protein interaction with the aforementioned genes.
Despite the substantial findings, this research still exhibits some limitations. First, the findings are mainly theoretical data that should be validated through in vitro and in vivo experiments. Second, the regulatory mechanism between CDH16 and its co-expressed genes should be further investigated.
In conclusion, CDH16 expression was downregulated in PTC tissues. The low expression of CDH16 can aggravate the risk of LNM in PTC. Moreover, CDH16 can collaborate with co-expressed genes, such as RXRG, WNT11 and so on, to regulate the pathways in cancer to change the LNM status. This research provides reliable molecular theories for further studies on the molecular mechanisms of CDH16 in PTC.
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